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IMPORTANCE: 47
Pseudomonas aeruginosa is a well-established water quality biomarker, known to be 48 associated to humans' health risks. To ascertain the presence of this pathogen, relevant 49 stakeholders currently rely on standard quantitative ISO methods (APHA 9213E) which 50 require 6 days from sampling to results. This window could potentially lead to waterborne 51 outbreaks if the contaminated water features are not shut down for proper and urgent 52 mitigation. This manuscript describes a method to detect this disease-causing microorganism 53 in its viable forms under 1 hour, with a sensitivity of 1 CFU/100mL. Besides providing 54 valuable information of the quality of water system, this direct monitoring of pathogens can 55 reduce substantial time needed from sampling to reporting. This method can be established as 56 a platform technology for other pathogenic microorganisms. On-going work to develop 57 economic point-of-care prototypes could facilitate quick screening of targeted waterborne 58 pathogens and results in better assessment of public health risk and quick in devising 59 emergency response measures and other management strategies. 60 61
INTRODUCTION: 62
Clean and safe water are essential to public health, and the ability to rapidly monitor its 63 quality and detect for the presence of water pathogens are indispensable. Currently, the 64 standard culture method remains the most widely used method, despite the fact that the time 65 required from sample to results can often take as long as from a few days to close to 2 weeks. 66
Moreover, the results obtained often might not be as reliable as might be desired and that 67 only a very small fraction (0.01 -1 %) of viable bacteria can be detected (Köster et al. 2003 ; 68 Watkins and Jian 1997) . This is further complicated by the fact that certain microorganisms 69 such as Mycobacterium tuberculosis and Legionella pneumophila are known to be either 70 difficult to culture in vitro and/or are known to remain in a viable but nonculturable state 71 (VBNC) ( referenced against the parallel test results obtained from the standard culture method and 107 qPCR. We were able to achieve a level of sensitivity and specificity of 96.7% and 92.9% 108 respectively (using qPCR as reference) and a corresponding test performance of 92.3% 109 (sensitivity) and 83.3% (specificity), with the cell culture method as reference. targets. Figure 1A shows the amplification plot of the reactions, where the increase in 168 fluorescence corresponds to the increase in amplification products. As expected, no 169 amplification products were detected from the no-template control and from all the negative 170 control reactions. All the reactions where the positive control targets are present showed 171 positive signals. As a quality control test, the same set of samples were tested using the 172 primers specific for the original negative control ( Figure 1B ). It is important to note that the 173 DNA-based amplification method, besides its sensitivity, has an added advantage over 174 antibodies-based method, in terms of its versatility and ease to detect for different targets and 175 variants, through changing the primary sequence of the primers and probe. 176 177
Amplification of target bacteria DNA via isothermal DNA amplification 178
To address the need for a rapid, sensitive and fully deployable water testing kit where 179 presence of specific bacteria of interest can be reliably detected, isothermal recombinase 180 polymerase DNA amplification (RPA) and lateral flow immunoassay were adopted in our test 181 design (TwistDx Inc., UK.). Figure 2A verify the test result, the amplification product (obtained from the sample that contains 3 196 CFU of P.aeruginosa) was analysed using agarose gel electrophoresis. Figure 2C shows the 197 presence of the amplification products of the expected and correct size. To further investigate 198 the detection limit of the assay, additional RPA test using concentration down to 1 CFU 199 P.aeruginosa ( Figure 3A ), together with qPCR as a parallel test were also performed (Figure  200 3B). The results show that we were able to detect down to 1 CFU. 201 202
Detection using spiked samples 203
To further evaluate the RPA-lateral flow detection system as a feasible water test system, a 204 complete water testing work flow was designed and tested against water spiked with 205 P.aeruginosa. Figure 4A outlines the workflow, which includes: i) a filtering/concentration 206 step; ii) a extraction/recovery step; and iii) a amplification/detection step. Based on this 207 workflow, different amount of P.aeruginosa was separately spiked into 250-mL of sterile 208
ultra-pure water and tested as described. Figure 4B is a representative data taken from a series 209 of test performed (n=90). Table 1 shows the overall test performance. The calculation was 210 done based on qPCR and standard culture plate count each as the separate standard reference, 211 and the number of positive, negative, false positive and false negative results tallied. Here, 212 two set of data were obtained. In summary, the test obtained a level of sensitivity of 96.7% 213 and 92.3%, based on the calculation obtained from qPCR and culture test, respectively. 214
Correspondingly, a level of specificity of 92.9% and 83.3% were also obtained. The 215 probability to correctly screen out positive or negative samples (i.e. PPV and NPV) also 216 returned highly favourable value of between 83.3% to 96.7%. 217 where it is only able to indicate the presence or absence of the target bacteria, and is unable to 238 quantitate the amount of bacteria present. For bacteria that are ubiquitously present and do 239 not pose significant risk at low concentration, such a test might not be suitable, and further 240 development will be needed. However, it might still be useful as an early 241 warning/surveillance tool for many of these application, to determine if further test are 242 needed. Currently, there are various semi-quantitative method and tools in the market, such as 243 a lateral kit reader, where the intensity of the test bands can be measured and correlate against 244 known standards. This however will not be suitable for endpoint assay, like in our test 245 method, where the amount of product produced are no longer in linearity with time. Other 246 test strategies such as the most probable number method, which utilises a serial dilution, or 247 amplification method using self-quenching fluorescence probe (similar to the TaqMan 248 probe), where amplification can be monitored and measured and quantitated at real-time, are 249 potential directions towards semi-quantitation and/or full-quantitation. 250
251
Besides the issue of quantitation, another striking issue with a DNA-based molecular method, 252 like in our case, will be the inability to differentiate live and dead bacteria. From a public 253 health perspective, generally, only viable pathogens are of major concerns. The method 254 described here, in essence, will amplify DNA from both dead and live cells (after lysis) 255 and/or free-floating DNA from the dead targets, already present in the water sample, 256 considering that DNA are generally very stable, even under harsh environment. Future work, 257 such as the inclusion of a DNase pretreatment and/or the use of a cell-impermeable DNA 258 crosslinkers, such as Ethidium monoazide might be useful (Rudi et al. 2005) . 259
CONCLUSION: 260
In summary, here we presented and evaluated a fully-deployable pathogen detection method, 261
which potentially could be used in the rapid detection of pathogens in many other application. 262
The test method could also be modified and refined in a number of different ways, to suit the 263 different applications. 
